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Optimal management for patients with ST-segment elevation myocardial infarction
(STEMI) who arrive at a hospital late remains uncertain since evidence and real-
world data are limited. Patients who present late with a STEMI are a heterogeneous
population, and the clinical decision regarding percutaneous coronary intervention
(PCI) should not be the same for all. One randomized clinical trial, multiple mecha-
nistic studies, and contemporary registries suggest a presumed benefit for a prompt
restoration of coronary flow even in late presenting STEMI. Crucial elements in
decision-making are the presence of haemodynamic or electrical instability, and on-
going ischaemic signs or symptoms to tip the scales toward PCI. Among clinically sta-
ble, late-presenting patients, myocardial viability assessment and functional testing
can identify yet another subgroup that may benefit from late PCI

Although the rate of late presentations among patients
with ST-segment elevation myocardial infarction (STEMI)
appears to have decreased over the decades, �10–12% of
patients with STEMI present later than 12h after symptom
onset.1–4 In a recent, large, nationwide, prospective
Korean registry, STEMI late presenters (12–48h of symptom
onset) had remarkably worse clinical outcomes up to
3 years than early presenters, whereas presentation at
�12h of symptom onset was not independently associated
with increasedmortality following STEMI. Inverse steep dif-
ferences in the use of percutaneous coronary intervention
(PCI) andmortality rates were found between early (<12h)
and late (12–48h) presentations indicating that the prac-
tice pattern of interventional procedures might affect the
clinical outcomes of STEMI late presenters.5 Thus, optimal
management for patients with STEMI who arrive at a hospi-
tal late remains uncertain and the boundary between
‘timely’ and ‘late’ presentation in STEMI and the appropri-
ateness of PCI in patients presenting late after the onset of
symptoms, continue to be challenged by the most recent
published data. Additionally, the 12-h limit is originally
based on a combination of fibrinolysis being unable to re-
duce mortality in late-presenting STEMI patients6,7 and on

animal models reporting loss of all jeopardized myocar-
dium before 12h of coronary occlusion.8 However, data on
the 12-h limit is inadequate in the modern era of primary
PCI.

Potential benefits of late reperfusion of
infarcted myocardium

Since the initial reports of a beneficial effect of reperfusion
therapy in the management of STEMI, the open artery hy-
pothesis and the benefits of timely reperfusion have been
confirmed in numerous clinical trials investigating either
pharmacological or mechanical reperfusion with PCI.9

However, while the ‘early’ open artery hypothesis has been
consistently confirmed, the ‘late’ open artery hypothesis
(i.e., reperfusion of an occluded infarct-related artery at a
time too late for myocardial salvage and in patients with-
out continuous symptoms) has been controversial for years.
The rationale is that patency of the infarct vessel can
improve left ventricular systolic function, and prevent
ventricular remodelling and the late development of
arrhythmias.

The mechanism by which myocardial cells escape irre-
versible death despite hours of decreased oxygen supply is
not fully elucidated. In addition to collateral formation as a*Corresponding author. Email: leonardobolognese@hotmail.com

Published on behalf of the European Society of Cardiology. VC The Author(s) 2021.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License
(https://creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any
medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com

European Heart Journal Supplements (2021) 23 (Supplement E), E36–E39
The Heart of the Matter
doi:10.1093/eurheartj/suab086

Deleted Text: approximately 
Deleted Text: &hx0025; to 
Deleted Text:  to 
Deleted Text:  to 
Deleted Text: &hx201C;
Deleted Text: &hx201D;
Deleted Text: &hx201C;
Deleted Text: &hx201D;
Deleted Text: our
Deleted Text: jeopardized
Deleted Text: ours
Deleted Text: ours
Deleted Text: &hx201C;
Deleted Text: &hx201D;
Deleted Text: &hx201C;
Deleted Text: &hx201D;


mechanism for preserving myocardial viability, the hazy
nature of acute myocardial infarction time could also be
important. Initial coronary occlusion is generally equated
with symptom onset in clinical trials and registries.
Furthermore, the time from symptom onset to hospital
presentation is generally equated with a period of continu-
ous coronary occlusion. These equations are likely wrong:
plaque instability is a dynamic process and not easily fixed
at a single time.10 Thrombus propagation at the onset of an
acute coronary syndrome may result in dynamic coronary
occlusion and reperfusion with consequent ischaemic pre-
conditioning and a resulting delay of progression to irre-
versiblemyocardial injury.

Many other possible mechanisms by which an open
infarct-related artery could confer benefit in ways other
than by salvaging ischaemic myocardium have been pro-
posed.11 For instance, when the importance of the early in-
flammatory response needed to initiate infarct scar
formation is considered, restoration of blood flow and
allowing an influx of inflammatory cells into the infarct
may improve healing of the infarcted tissue and prevent
ventricular remodelling.12 In addition, an open, blood-
filled infarct-related artery and vascular bed may provide
a supporting scaffold that helps maintain the structural in-
tegrity of the necrotic myocardium and limits infarct ex-
pansion and ventricular remodelling.13 Another proposed
mechanism suggests that late reperfusion elicits intra-myo-
cardial haemorrhage, oedema, and contraction band ne-
crosis, within which sarcolemmal tubes persist and prevent
collapse of the necrotic tissue.14 Late revascularization of
‘hibernating’ myocardium present within the peri-infarct
region is also a possible benefit of a patent infarct-related
artery.15 Collagen turnover is reportedly more pronounced
in patients with an occluded infarct-related artery, and
thus prevention of interstitial collagen turnover may be an-
other beneficial effect.16 Finally, a recent study reported a
significantly higher rate of apoptosis among cardiomyo-
cytes in patients with persistent occlusion of the infarct-
related artery.17 This increased apoptosis was apparent
well beyond the acute phase of MI, and those investigators
proposed that late reperfusion might inhibit the apoptotic
loss of salvaged cardiomyocytes, thereby preventing the
progression of heart failure.

Myocardial salvage from percutaneous
coronary intervention in late presenting
ST-segment elevation myocardial infarction

The potential of myocardial salvage even in late presenters
treated with PCI has been investigated in several studies
using single-photon emission computed tomography or car-
diac magnetic resonance (CMR) imaging.18–20 Busk et al.18

analysed the results of single-photon emission computed
tomography performed in 396 STEMI patients and demon-
strated that late presenters (12–72h of symptom onset)
had a lower salvage index (proportion of salvaged area at
risk) than early presenters [48% (IQR 23–73%) vs. 57% (IQR
42–86%); P¼ 0.003]: however, substantial salvage (>50% of
area at risk) was observed in 41% of late presenters despite
total infarct-artery occlusion. They also found that final

infarct size and salvage index correlatedweakly with symp-
tom duration (R2-value <0.10). Stiermaier et al.19 com-
pared two cohorts [early (<12 h of symptom onset) and
late (12–48 h of symptom onset) presentation] involving
186 STEMI patients matched for the area at risk by cardiac
magnetic resonance imaging and demonstrated that myo-
cardial salvage (area at risk minus infarct size) significantly
decreased in late presenters as compared with that in early
presenters. Nevertheless,>25% of the area at risk could be
salvaged in late presenters. Nepper-Christensen et al.20

had recently analysed 865 STEMI patients (807 patients
presenting at <12h and 58 patients presenting at 12–72h)
who underwent cardiac magnetic resonance imaging just
after index PCI and 3months later; they reported that 65%
of late-presenting patients achieved substantial myocar-
dial salvage�0.50.
Progress in the cardiac magnetic resonance technology

and availability may eventually lead to CMR characteriza-
tion of myocardial status before primary PCI in patients
presenting late and could move the treatment of late
presentation acute STEMI toward a more personalized
approach.

Evidence on the percutaneous coronary
intervention strategy for late ST-segment
elevation myocardial infarction

Schömig et al.21 performed the first randomized controlled
trial involving 365 STEMI patients from 2001 to 2004 and
showed that an invasive strategy based on coronary stent-
ing with adjunctive abciximab use reduced the infarct size
and the 4-year mortality in STEMI patients without persis-
tent symptoms who presented at 12–48h after symptom
onset.21,22 On the contrary, establishing flow in the epicar-
dial coronary artery with PCI in very late presenters (3–
28 days) in the Occluded Artery Trial (OAT) did not improve
mortality or left ventricle ejection fraction during 4-year
follow-up compared with medical therapy.23 However,
BRAVE-2 and OAT are hardly comparable, as the patients
underwent angioplasty at 2 very different time points from
symptom onset (a median of<24h vs. 8 days). Imaging and
clinical studies have reported results similar to BRAVE-2,
with a reduction inmyocardial damage or improved clinical
outcome after primary PCI in patients with STEMI present-
ing 12–72h after symptom onset. Gierlotka et al.24 evalu-
ated 2036 STEMI patients from the Polish registry who
presented at 12–24h of symptom onset and observed that
the invasive approach (performance of coronary angiogra-
phy at 12–24 h from symptom onset) was significantly asso-
ciated with better 12-month clinical outcomes than the
conservative approach (non-invasive treatment or perfor-
mance of coronary angiography at>24 h from symptom on-
set) after multivariable adjustment and propensity score
matching, with a relative risk of 0.73. These clinical find-
ings have been further supported by mechanistic SPECT
and cardiac magnetic resonance imaging registry studies
comparing early vs. late STEMI presenters; while myocar-
dial salvage is less with late presenters than early present-
ers, substantial myocardial salvage may be observed when
PCI is performed at the 12–48h outer edge of time limits
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for STEMI PCI.18–20 Based on these studies, the 2017
European guidelines advocate the performance of primary
PCI for unstable patients presenting at 12–24h of symptom
onset exhibiting signs of ongoing ischaemia (Class of
Recommendation: I; Level of Evidence: C) and suggest
the use of routine primary PCI for stable STEMI
patients presenting at 12–48h of symptom onset (Class of
Recommendation: IIa; Level of Evidence: B).25

Conclusions

Patients who present late with an acute MI are a heteroge-
neous population, and the clinical decision regarding PCI
should not be the same for all. Late presenters are differ-
ent than early presenters. Most importantly, late presenta-
tion is associated with increased death. Given that two-
thirds of late presenters are transfers from non-PCI centres
and represent a high-risk group for death, further system-
wide approaches might focus on bringing clarity to recom-
mendations for best practices among late-presenting
STEMI patients. In the treatment of late-comers with
STEMI, clinical evaluation and risk stratification represent
paramount factors helping in decision-making for the best
therapeutic management. One randomized clinical trial,
multiple mechanistic studies, and now contemporary regis-
tries seem to point in a single direction:18,

20–22

at the outer
edge of acute myocardial infarction time, there is a pre-
sumed benefit for a prompt restoration of coronary flow.

Crucial elements in decision making are the presence of
haemodynamic or electrical instability, and ongoing ischae-
mic signs or symptoms to tip the scales toward PCI. Among
clinically stable, late-presenting patients, myocardial
viability assessment and functional testing can identify yet
another subgroup that may benefit from late PCI.
Accordingly, as recommended and endorsed by the current
guidelines, patients who are still early in the course of
STEMI (12–48h) should undergo PCI. Those beyond 48h
with evidence of silent ischaemia or viability should also
undergo PCI. Patients who are truly stable and asymptom-
atic beyond 48h from symptom onset, with no evidence of
silent ischaemia or viability, can safely be treated with
medical therapy.
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